The small heat shock proteins, αA-crystallin and αB-crystallin are considered to be two subunits of one single monolithic lens protein, α-crystallin. Results: αA-crystallin and αB-crystallin fractionate independent of each other and in two separate membrane compartments. Conclusion: αA-crystallin and αB-crystallin are two independent proteins in the lens. Significance: This data provides functional insight into why αA-crystallin and αB-crystallin null mice have disparate phenotypes. SUMMARY αA-crystallin (αA) and αB-crystallin (αB), the two prominent members of the small heat shock family of proteins are considered to be two subunits of one multimeric protein, α-crystallin within the ocular lens. Outside of the ocular lens however, αA and αB are known to be two independent proteins, with mutually exclusive expression in many tissues. This dichotomous view is buoyed by the high expression of αA and αB in the lens and their co-fractionation from lens extracts as one multimeric entity, α-crystallin. In order to understand the biological function (s) of each of these two proteins it is important to investigate the biological basis of this perceived dichotomy; in this report we address the question whether αA and αB exist as independent proteins in the ocular lens? Discontinuous sucrose density gradient fractionation and immunoconfocal localization reveal that in early developing rat lens αA is a membrane-associated small heat shock protein just like αB, although with remarkable differences. Employing an established protocol we demonstrate that αB predominantly sediments with rough endoplasmic reticulum (RER) while αA fractionates with smooth membranes (SM). These biochemical observations were corroborated with immunogold labeling and transmission electron microscopy. Importantly, in the rat heart, which does not contain αA, αB also fractionates with rough ER suggesting that αA has no influence on the distribution of αB. These data demonstrate presence of αA and αB in two separate subcellular membrane compartments pointing to their independent existence in the developing ocular lens.
INTRODUCTION
α-crystallins are the most ubiquitous of all crystallins, the structural proteins of the ocular lens (1) (2) (3) (4) . Initially considered to be lens-specific, αB-crystallin (αB) was the first ubiquitous crystallin that was reported to be expressed outside of the lens (5), it was later joined by A-crystallin (αA) (6, 7) . αA and αB, are two prominent members of the small heat shock family of 2 proteins. They are expressed under various physiological and pathological conditions in various tissues and cells in culture (1, 2, 8) . A notable feature of the extra-lenticular expression of A and B is their mutually exclusive presence in many tissues. For example, outside of the lens, highest expression of αB is seen in the heart, but there is no detectable αA in this tissue. Similarly, in the spleen where αA is expressed, there is no detectable αB (5, 7) . These data strongly suggest that each of these two proteins exist and function independently of each other, yet based on an appreciable amount of physical and biochemical data, αA and αB are considered to be two subunits of one protein, -crystallin, in the ocular lens. This conclusion is based primarily on two important observations: 1. The high expression of αA and αB in the lens and 2. Demonstrated propensity of these two polypeptides for association and multimerization that leads to their chromatographic co-fractionation as a multimeric protein, -crystallin. A large amount of work has gone into characterization of α-crystallin and it is reported to contain 15-50 subunits of A and B in a 3:1 proportion with a molecular mass that ranges from 300,000 to 1,000,000 KDa (3, 4, 8) .
αA and αB are encoded by two independent genes CRYAA located on chromosome 21 and CRYAB located on chromosome 11. Although they share significant similarity in the primary sequences of their proteins, their promoter sequences are different (2) suggesting independent regulation of their expression. In the rat significant expression of αB is first seen in the developing heart (9) . Indeed during early development of the mouse lens, there are temporal differences in expression of these two genes; αA appears earlier than αB (10) .
With the discovery of αB as an extra-lenticular protein (5) it became evident that these two polypeptides do not have to be part of a single protein (α-crystallin) and that they can exist as independent proteins in various non-lens tissues (7) . Based on their differential insolubilization patterns with age (11) and their different physiological characteristics such as their phosphorylation patterns (12, 13) , we have suggested that these proteins may function as independent proteins even in the ocular lens (11) . But a clear demonstration of their independent existence in the ocular lens has thus far remained elusive and they are still treated as two subunits of one protein, α-crystallin. Using biochemical fractionation and guided by the discovery that αB is a Golgi membrane associated protein (14, 15) , we demonstrate that αA and αB are associated with separate membranous compartments of the ocular lens cells indicating that these two polypeptides have independent existence and, therefore, independent physiological functions in this tissue.
EXPERIMENTAL PROCEDURES
Animals and tissues: Sprague Dawley rats of various ages were purchased (Charles River Laboratories, Wilmington, MA) and acclimatized for two to three days with appropriate diet and water ad libitum according to the Department of Laboratory and Animal Medicine, University of California, Los Angeles (UCLA) animal care and use protocol. Experiments were conducted according to the guidelines of Institutional Animal Research Committee, UCLA. The following lenses extracted from animals of different ages were used in this study: fetal day 18 (FD18), post natal day 3 (P3), post natal day 10 (P10), post natal day 17 (P17) post natal day 20 (P20), post natal day 21 (P21).
Immunocytochemistry with rat lens epithelia: P10 rat lens epithelial explants were cultured in MEM NEAA with Earle's salts, 10% FBS (fetal bovine serum), 1% L-glutamine, 1% penicillin and streptomycin (Irvine Scientific, Santa Ana, CA) for 8 days, with medium changes every 48 hr (14) . The cells obtained from these cultures were seeded onto poly-L-lysine (Sigma-Aldrich Co, St. Louis, MO) coated microscope cover slips (Fisher Scientific, CA). The cells were fixed with ice cold methanol for 6 min at 20°C and processed for immunocytochemistry and confocal microscopy with anti-αA (16) and anti-αB antibodies (15) . For, GM130
(Golgi matrix protein marker) localization, anti-mouse GM130:FITC (BD Transduction Laboratories, Lexington, KY) was used at 1:50 dilution followed by nuclear staining with DAPI (4, 6-diamidino-2-phenylindole) (Molecular Probes, Carlsbad, CA). Confocal images were acquired as z-stacks on a Leica TCS-SP Multiphoton and Confocal Microscope using 100X objective and processed using Adobe Photoshop 6.0.
Colocalization measurements in confocal Images
For assessing the extent of co-localization between GM130 and αA and between GM130 and αB, the tiff images (0.5 m thin z sections) acquired with two photon confocal microscope (Leica TCS SP), were processed in Adobe Photoshop for presentation. For colocalization measurements, raw unprocessed images were opened with ImageJ 1.37c (NIH, USA). The images were converted to 8 bit gray scale and the background was subtracted from the region of interest (ROI) using the ROI plug ins. "Colocalization Threshold" plug-in algorithm determines the threshold automatically and reduces background for each channel to eliminate the bias (17) . This algorithm generates two coefficients (Pearson and Manders) per dualchannel image to indicate the degree of colocalization (see supplemental Fig. S1 ). Differences between the colocalization coefficients were evaluated by student t-test **p<0.01
Immunohistochemistry of the rat eye (Lens):
Postnatal day 10 (P10) rat eyes were dissected out and quickly immersed in PBS for 1 hr followed by fixation in 4% paraformaldehyde overnight at 4 o C. The eyes were dehydrated, embedded in paraffin, sectioned (5m thin sections) on Leica RM2135 (Leica Microsystems, Germany) and processed for immunolabeling (18) with purified anti-A (1:200 dilution) and anti-αB using Immunopure UltraSensitive ABC Peroxidase Staining Kit (Pierce, Rockford, IL) and Diaminobenzidine (DAB) for detection (Ted Pella, Inc. Redding, CA). Glycerol gelatin (Sigma, St Louis, MO) was used for mounting and images were acquired with a Zeiss Confocal Microscope using 4X and 40X objectives.
Fractionation of Golgi-enriched membranes:
Discontinuous sucrose gradients in 2.2 ml S55S tubes were used as described previously (14, 15) . Twenty fractions (100 l each) were collected from the bottom of the gradient by puncturing the tube with a 22 gauge needle. For this analysis post-nuclear homogenates (1000 x g) were made either from whole lenses or from two anatomically dissected areas, lens epithelium + superficial cortex (LE+SC) and fiber mass (FM) (14) . In some experiments P10 lenses were exposed to Brefeldin A (BFA) (1 g/ml) (Fluka, Switzerland) in MEM at 37°C for 90 min before homogenization and gradient analyses. One l/lane of each fraction was electrophoresed on SDS-PAGE and immunoblotted with anti-αA. For a control run purified recombinant αA (50 µg) was analyzed similarly using 8 µl per lane of each gradient fraction (see Fig. 4 ).
Fractionation of homogenates for enrichment of various membrane compartments: An established procedure used previously for fractionation of free and bound polysomes was employed (19) . The two isolated fractions have been exhaustively characterized by EM (19, 20) . Post mitochondrial homogenates (7000 x g supernatants) were fractionated on discontinuous sucrose gradients as detailed below. A picture of the gradient tube showing separation of bound polysomes (BP) or rough endoplasmic reticulum (RER) and polysome-free smooth membranes (SM) and free polysomes (FP) from the post natal day 10 (P10) rat heart is shown in Fig. 5A . FD18 and P10 rat tissues (lens and heart) were homogenized in 0.35 M sucrose buffer containing 50 mM Tris-HCl, pH 7.6, 25 mM KC1, 10 mM MgCl 2 and protease inhibitor cocktail (Roche, Indianapolis, IN). The homogenate was centrifuged at 7000 x g for 10 min at 4 0 C (Beckman Coulter Microfuge 22R) to pellet cell debris, nuclei and mitochondria. 1.00 ml of postmitochondrial supernatant was layered on top of 1.00 ml discontinuous sucrose gradient made up of 500 µl of 2.0 M sucrose (bottom) and 500 µl of 1.5 M sucrose (on top) in a 2.2 ml S55S centrifuge tube. The gradient was centrifuged at 70,000 xg for 16 hr (Sorvall Discovery M150 SE, Thermo Fisher Scientific Inc., Asheville, NC). Twenty (~ 95 l each) or 35 (~50 µl each) fractions were collected from the bottom of the gradient as above for immunoblotting. The free polyribosomes (FP) pellet (19) , at the bottom of the tube was washed free of sucrose, resuspended in homogenization buffer without sucrose (45 l) before SDS-PAGE. Following total post-mitochondrial supernatant protein concentrations were analyzed: FD18 lens = 56 mg, FD18 heart = 65 mg, P10 lens = 720 mg, P10 heart = 300 mg.
Analyses of multiple gradient fractions on a single Immunoblot: With the prior knowledge that our antibodies react specifically with αB or αA and that no other bands are seen on these immunoblots (for example, see The gel was processed for immunoblotting as detailed (14) . Polyclonal antibodies against A and B were used at 1:5000 dilutions. Anti-αA is a polyclonal antibody raised against the Nterminus 12 residues (#s 2-13 of the rat αA) (16) . Anti-αB is a polyclonal antibody raised against the C-terminus, 13 residues (#s 163-175) of the rat αB (14, 15) . Anti-Transferrin, anti-Hsp70, antiRibophorin-1, anti-Flotillin-1 and anti-Caveolin-1 (Santa Cruz Biotechnologies, Santa Cruz, CA) were used at 1:2000 dilutions. Secondary antibody, goat anti-rabbit horse radish peroxidase (HRP) was used at 1:250,000 for A or B immunoblots and at 1:20,000 dilutions for all antibodies obtained from Santa Cruz, CA. AntiGolgin58 (Abcam) and anti-GM130 (BD Transduction Laboratories) were used at 1:1000 dilutions.
Immunogold labeling and Electron
Microscopy: P10 rat lenses were fixed in phosphate buffered saline (PBS, 0.1X, pH 7.4) containing 4% paraformaldehyde and 0.1% glutaraldehyde (EMS, Hatfield, PA) for 2 hours at room temperature and then overnight at 4 o C. The fixed lenses were washed with filtered distilled water. The lenses are dehydrated by ascending alcohol gradient series followed by infiltration with Ethanol : LR white resin series (2:1, 1:1, 1:2 and 1:4 ratio, 2 hr each). After this the samples were incubated with LR white resin for 2 hr and then for 48 hr with a fresh change of LR white resin on a rotating platform. The lenses were removed and transferred to gelatin capsules containing fresh LR white and allowed to polymerize for 24 hr at 50-55 o C. Ultra-thin (60 nm) lens sections were collected on nickel grids and pre-incubated with a drop of TBST containing 50 mM Glycine and 0.1% NaBH 4 for 20 min. (TBST = Tris-Buffered Saline containing 0.001% Triton X100). The grids were rinsed with 3 changes of TBST and blocked with 1:20 dilution of normal goat serum (Pierce, Rockland, IL) in TBST for 30 min. The blocked grids were incubated with two different antibodies in one of the following combinations (the antibody incubations were done consecutively, each incubation period was for 24 hr): 1. anti-αA and anti-αB 2. anti-αA and anti-Ribophorin-1 3. anti-αB and anti-Ribophorin-1, each at 1:200 dilutions. The grids were washed with TBST thoroughly and incubated with secondary antibodies tagged to either 12 nm or 18 nm gold particle (1:300 dilution) following a standard protocol (21).
RESULTS
Rat lens epithelial cells were cultured and used for immunofluorescence studies with anti-A (red) and anti-GM130 (Golgi specific-membrane protein) (green) (Fig.1) . The GM130 and a fraction of A co-localize in the perinuclear Golgi ( Fig. 1 , bottom panels, Merge, yellow,), however, a lot of protein is in the cytoplasm (Fig. 1 , compare red and yellow, bottom left panel). For the sake of comparison with B we repeated the previously published (14) localization with anti-B. This is shown in supplemental Figure S1 . We used ImageJ software to quantify colocalization of GM130 with αA and GM130 with αB. The Pearson and Manders coefficients thus computed (see Experimental procedures-Colocalization Measurements) indicate that there is better colocalization between αB and GM130 (supplemental Figure S1 ) than between αA and GM130 ( Fig. 1 ).
Lens epithelial explant cultures contain elongated cells (14) , which may be differentiating lens fiber cells as indicated by the oval shape of the DAPI stained nucleus and the perinuclear Golgi staining (with anti-GM130, Fig. 1 , Fiber cell, right panels). In these cells the Golgi is typically lining the nucleus as indicated by GM130 immunofluorescence. The co-localization of A (red) with GM130 (green) reveals a peculiar granular appearance in the perinuclear Golgi (Fig.  1 , Merge, bottom, right panel). We also note nuclear staining with anti-αA (Fig. 1 , Fiber cell panels)
We next wanted to compare immunolocalization of A and B in the native ocular lens. Before embarking on these analyses we examined the temporal expression of αA and αB by immunoblotting ( Fig. 2A) . As previously reported (10, 22) the expression of αA is detected earlier than αB in the developing lens ( Fig. 2A) . These data also ascertain the specificity and lack of cross reactivity of each of the two antibodies used in this investigation. Figures 2B and C show immunolocalization of αA and αB in the native P10 lens. It is interesting to note that, although anti-αA staining in the epithelium seems apical, it is discontinuous. On the other hand with anti-αB, the staining in the central epithelium is robust and clearly apical as previously established (14) . Immunolocalization with anti-αA in the native lens was repeated using immunofluorescence (Fig.  3) . Here the central epithelium shows cytoplasmic presence of αA, without a clear polar pattern while the proliferative zone shows enhanced labeling on the apical face of this epithelium (Fig. 3, middle  right panel) . The lens fiber mass shows streaks of A stained Golgi along the elongated nuclei (Fig.  3, bottom panel) . Note that there is very little immunoreactivity seen in the differentiating region, but as soon as differentiation sets in we see αA staining streaks along the elongated nuclei. This pattern is similar to that seen with B (14).
We have shown previously that αB is a Golgi membrane associated protein in the developing lens (14) . We therefore repeated analyses of lens post nuclear homogenates on discontinuous sucrose density gradients (15) for fractionation of Golgi enriched membranes, as was done previously for αB (14) . Post nuclear homogenates were made from whole fetal day 18 (FD18) and two anatomical domains of the postnatal day 10 (P10) lenses, namely, lens epithelium plus superficial cortex (LE + SC) and the fiber mass (FM). The FD18 gradient shows that the protein is distributed all over the gradient suggesting general association of αA with the membrane (Fig. 4 A, top panel), this includes association with the Golgi membrane fraction(s) (asterisks, Fig. 4, FD18) .
Analysis of the P10 lens post nuclear homogenates show that there is no noticeable difference in the patterns obtained with the LE+SC compared with FM. Based on the location of the Golgi marker GM130, which is seen mostly in the fractions 8-11 on this gradient, as previously established (14, 15) and as indicated by the GM130 immunblots, part of αA on this gradient represents association with the Golgi membranes (indicated by asterisks, Fig.  4 C, top panel) . This is further ascertained by the use of BFA, which disorganizes the Golgi resulting in the disappearance of Golgi associated protein from these fractions (for example, Fig. 4C , second panel from the top). The extent of loss of protein from these fractions upon BFA treatment identifies the Golgi -associated fractions qualitatively (compare +BFA versus -BFA panels in Fig. 4C ). In LE + SC, 17.9% of the label is lost from Golgi fractions (8-11, Fig. 4C , top two panels). In the FM this percentage goes higher up to 30.33 %. However, in comparison with similar analyses done previously with anti-B (15), BFA has much lesser impact on αA distribution pattern in this gradient (Fig. 4 C, compare -BFA, FM to +BFA, FM) Suggesting that more of this protein (αA) may be part of the non-Golgi membranes. This observation must also be considered in light of the fact that there is three times more A than B in the ocular lens. Based on this data we conclude that although αA is associated with the Golgi, a large part of this protein is significantly associated with non-Golgi membranes. Additionally numerous other side effects of BFA (23) treatment may have an impact on these interpretations and it is possible that an appreciable amount of the protein, which this data suggests is associated with Golgi may be part of non-Golgi membrane compartments. We therefore investigated possible existence of these two proteins in non-Golgi membrane compartments. We used a previously well-characterized procedure involving discontinuous sucrose density gradient fractionation of membrane bound polyribosomes (RER), and "smooth membranes" (SM) (19) (see Experimental Procedures).
We first analyzed FD18 lens and FD18 heart. As expected no GM130 or Golgin 58 (Golgi membrane markers) were detected indicating absence of Golgi membranes in this gradient (Fig.  5 ). In the extracts made from FD18 heart, which do not contain αA, αB fractionates with the BP or RER fraction (Fig. 5B) . The RER is characterized by the presence of Ribophorin-1 (24, 25) in these fractions. αB is seen in fractions 5-9, overlapping with fractions #6 and #9 that contain Ribophorin-1 (Fig. 5B, FD18 heart) . Although Ribophorin-1 is seen in the top half of the gradient in fraction #15 and #17, αB is not found in these fractions. In the FD18 lens (Fig. 5C) , αB is seen in fractions 6-8, which overlaps with fractions #5 and #7, which contain Ribophorin-1. This data suggests that αB fractionates with RER membranes as identified by the marker Ribophorin-1, it however does not explain why Ribophorin-1 is seen in only specific fractions?
Analyses of FD18 lens extracts, which contain both αA as well as αB, shows that these two proteins fractionate independently in two separate membrane fractions; αB fractionates with the BP (rough ER) membranes (with Ribophorin-1) and αA fractionates with the smooth membranes (SM) with Caveolin-1(26) (Fig. 5C ). We could not detect Transferrin, a RER associated protein (27) in FD18 lens gradients (probably because of its low expression at this stage) but found it in RER fractions of the P10 lens gradients (Fig. 6) confirming the data obtained with the fetal lens (Fig. 5) . Note that in this gradient (Fig. 6) αA fractionates with Hsp70, and Caveolin-1 while Flotillin-1, Ribophorin-1 and Transferrin fractionate with αB with RER fraction. We used Hsp70 as an additional marker for smooth membranes based on a recent report that suggests its role in protein trafficking and quality control in the ER (28) as was previously suggested for αA (29) .
There is an overlap in the presence of αA and αB between the two membrane fractions of the gradient (Fig. 6 ). An examination of the protein concentration data (Fig. 6, bottom panel) does not suggest close correspondence between the total protein distribution and αA and B immunoreactivity. In the gradients shown in Fig. 6 the fraction volume was about 100 µl (20 fractions in all). In order to avoid an overlap between the two membrane fractions we re-ran the gradients with P10 lens and P10 heart extracts, collecting smaller volume fractions (35 in all per gradient) (Fig. 7A, B) . Electrophoresis of all fractions on a single gel was made possible by multiple loadings into each lane, allowing us an analysis of all the 35 fractions on one immunoblot (see Experimental Procedures). Fig. 7A and B shows the immunoblots and Fig. 7C shows the density scans of these immunoblots. As indicated above, heart contains αB and no αA, while the lens contains both αA as well as αB. The data in Fig. 7 A and B establishes that αA and αB fractionate with two independent membrane domains.
We further examined the native lens with transmission electron microscopy (TEM) in an effort to follow localization of αA, αB and an RER marker such as Ribophorin-1 using gold immunocytochemistry ( Fig. 8 and supplemental Figure S2 , A-D). Fig. 8 shows that Ribophorin-1 and αA do not label the same membrane domains while Ribophorin-1 and αB label the RER membranes (with associated polyribosomes) in the lens fiber cells. Interestingly, αA and αB labeling reveals patterns more like Ribophorin-1 and αA suggesting that αA and αB associate with separate membranous compartments and hence, confirming the data obtained by gradient fractionation of the two membrane compartments (Figs. 5-7) .
DISCUSSION
This investigation addresses the dichotomy in the perceived perceptions of the status of two small heat shock proteins αA and αB, inside and outside of the ocular lens. The question, "…are αA and αB two different proteins or two subunits of the same protein?" (2,11) has not been addressed experimentally. In the ocular lens αA and αB are considered as two subunits of one single protein, α-crystallin. α-crystallin makes about 30% of the total protein in the vertebrate lens but concentrations of each of its subunits, αA and αB, outside of the lens are comparatively much smaller and catalytic. These two polypeptides share 58% sequence identity and a common conserved α-crystallin domain, characteristic of the small heat shock family of proteins (30) .
We have previously examined the status of αB in various non-lens tissues and cells and found that this protein resides in the Golgi enriched membrane fractions on a discontinuous sucrose density gradient (15, 31) . It is part of the detergent resistant microdomains (DRMs) and is secreted out of the human retinal pigment epithelial cells in exosomes (31) . Examination of the status of αB in the developing ocular lens in the rat showed that here also αB is associated with the Golgi membranes (14) . These findings lead to the question if A, the other known subunit of -crystallin, is also associated with the Golgi membranes? Historically, a fraction of -crystallin (both A and B) has been reported to be membrane-associated in the normal adult transparent lens. These observations about the association of α-crystallins with the membranes were first made about four decades ago (32) (33) (34) (35) . We, therefore, examined A status first in the lens epithelial explants in culture and then in the early developing lens.
Immunocytochemical localization of αA in the epithelial cell explants shows that while a large part of this protein is not see in the Golgi, this polypeptide shows distinctly granular localization in the perinuclear Golgi in addition to its unmistakable presence in the nucleus (Fig. 1, right  panel) . The functional significance of the granular organization and its possible nuclear role remain to be understood.
Although the pattern of immunolocalization of A in fiber cells looks very similar to the pattern obtained previously with αB (14), αA does not colocalize with the apical Golgi in the native lens epithelium as strictly as does αB (compare Fig. 2  B and Fig. 2C ). This is further supported by colocalization analyses (supplementary Fig. S1 ).It is important to note here that lens epithelial cells are known to contain more αB than αA thus αA presence outside of the Golgi in these cells cannot be attributed to its higher concentration than αB.
The observation that a much smaller proportion of αA than αB is associated with the Golgi is supported by sucrose density gradient analyses of BFA treated lenses. BFA disorganizes Golgi (36) and therefore, allows a rough assessment of the amount of protein that is associated with the Golgi membrane fractions when compared with untreated lenses (Fig. 4) . Based on this analysis, a small but noticeable amount of this protein is seen in the Golgi fractions (Fig. 4, fractions 8-10 ) as indicated by its disappearance from these fractions in +BFA gradients. However, BFA does have multiple effects on membranes that are not restricted to Golgi disorganization (23) (ref), which may further indicate that a significant amount of αA is not associated with Golgi membranes (Fig. 4A ).
As indicated above the membrane association of αA has been known for the last four decades (35) yet it has remained unexplained because this protein has always been considered to be a soluble protein. In these early studies only a fraction of αA was seen associated with the membranes. We believe this is because most of these studies were conducted with adult and/or mature lens preparations in which only a small population of metabolically active young fiber cells with intact αA -membrane association were represented (35) . The current studies were done with young (fetal and postnatal D10) lenses that are predominantly composed of young differentiating fiber cells with intact αA -associated membranes.
In this investigation we have presented data demonstrating that αA and αB proteins reside in separate membranous compartments of the ocular lens cells. Because lens contains high concentrations of proteins it is generally difficult to process this tissue for anatomical immunolocalizations. Also, biochemical analyses are hampered by these high concentrations, which camouflage differences. We, therefore had to use simpler techniques used previously for fractionation of bound and free polysomes (19, 20) . The data presented in Figures 5 -7 suggest that αB sediments with the rough endoplasmic reticulum while αA stays with the smooth membrane fraction. It must however be noted that fractionations shown in the Figures 5 and 6 did not show complete overlap in the location of αB and Ribophorin-1 (used as a marker for rough ER). This raises the question whether αB is associated with a specific subcellular membrane domain (37) of the RER? The answer to this question therefore, remains ambiguous. At the same time we know that αB is present in detergent resistant membrane domains (31) .
It must be noted that the experimental data presented in Figures 5 -7 used the FD18 lens and whole P10 lens and therefore, contains contributions both from the lens epithelium as well as the lens fiber mass. It is unlikely that αA and αB separation could have arisen artificially by homogenization and/or various manipulations as attested by the analyses of the post nuclear homogenate made from the fetal (FD18) and the P10 heart where there is no αA. In the heart extracts ( Fig. 5, FD18 heart and Fig. 7 , P10 heart) αB fractionates to the same location as does αB in the FD18 and P10 lens extracts (rough ER, Figs.5 and 6). This data, therefore, indicates that presence of αA in the lens homogenates has no influence on the fractionation of αB in this gradient (interestingly, there is 3X more αA than αB in the lens fiber cells (2, 3, 8) . This data thus clearly argues against existence of αA and αB as one protein in the developing lens. These observations were further corroborated by following immunolocalization of Ribophorin-1 and the two α-crystallins in the native lens fiber cells by immunoglod labeling and TEM (Fig. 8 and supplemental Figure S2, A-D) . It is interesting to note that Ribophorin-1 and αB localize in the RER. Ribophorin-1 and αA do not show similar localization. Interestingly αA and αB also do not seem to label the same compartment. In fact αA and Ribophorin-1 and αA and αB localizations look very similar (Fig. 8 B and C and supplemental data Fig. S2 , B and C) indicating that the two proteins (αA and αB) associate with different membrane domains or compartments.
The immunoblot density scans presented in Fig. 7 (bottom panel) show that αA distributes in two peak fractions. The first one and smaller of the two is in fractions 6-10 and the second in fractions 12-15. The first (fractions 6-10) overlaps with αB peak. While it is possible that this overlap represents co-sedimentation of αA and αB, we believe this may represent αA in a separate minor compartment (possibly Golgi, although we did not detect Golgi markers in this gradient, see Fig. 5 ).
It must be recognized that both αA as well as αB have been considered as soluble proteins of the ocular lens, yet the data presented thus far in this investigation and elsewhere (14, 15, 31, 33, 35) provide definitive evidence that both these proteins are membrane associated. While the exact function of αA remains to be elucidated, its presence in the ER has been related to ERassociated degradation of denatured proteins where it may be involved in quality control of proteins destined for the cell surface as has been recently suggested for epithelial Na(+) channel expression in mouse cultured collecting duct cells (29) . A similar function has recently been suggested for HSP70 (28) . It is interesting to note that Hsp70 and αA have similar fractionation profiles on the sucrose gradient used for isolation of RER and SM (Fig. 6 ).
At this time it is difficult to speculate about the granular nature of the co-localization of αA and GM130 in the perinuclear Golgi seen in Fig. 1 . We believe that some of these as yet undefined non-crystallin functions (38) of A may be the reason for early cataracts in A null mice (39) . The observations made in this investigation may also explain why mutations in A and B have disparate phenotypic consequences (38) . αA knockout leads to early cataracts in the developing eye (39) while the αB knockout does not show such a phenotype (40) . The appearance of early cataract in αA-/-mice and none in αB -/-mice suggests that the α-crystallin protein if it did exist, either does not need a healthy αB for its function or that this protein is not composed of these two polypeptides. The data presented above does not support the perception of α-crystallin as a monolithic entity, instead the data points to the independent existence of αA and αB in the ocular lens. It is important to point out that in these investigations the focus has been only on complete αA and complete αB polypeptides not truncated forms of these proteins (3).
The data presented here does not preclude the interaction of αA and αB to produce -crystallin later in the life of the adult lens due to physiological changes in the maturing lens fiber cells. Terminal differentiation of the ocular lens fiber cells is attended by membrane changes including the Golgi and ER breakdown (41) (42) (43) and a host of posttranslational modifications on these two proteins (3). However, it is clear from the data presented here that the two exist as independent proteins in the developing transparent lens and thus necessitate revision of the status of α-crystallins as a family of proteins in the ocular lens rather than one single monolithic entity. (Fig. 2B ) and immunofluorescence shown here may be because of the differential sensitivity of the two techniques, suggesting that there is αA in these cells which is not associated with the apical Golgi. In the proliferative zone (PZ, middle panel) however, the label is predominantly apical (arrow heads). In the equatorial region (ER, bottom panel) streaks of αA are seen along the elongated nuclei (perinuclear location, thin arrows) in the differentiated fiber cells. The left column shows respective pre-immune controls. Nuclei are stained with DAPI (blue). (14, 15) . The presence of αA in fractions #3-5, close to bottom (1.3M sucrose) and in fractions #5-12 suggest that αA is associated with heterogeneous membrane components. B, Recombinant purified αA (50 µg) was run in a separate gradient under similar conditions (Rec αA panel) as a control. C, Sucrose gradient fractionation of post nuclear homogenates made from dissected LE+SC (lens epithelium +superficial cortex) and FM (fiber mass) of P10 rat lenses. Lenses were incubated with Brefeldin A (+BFA) for 90 min before fractionation. Note that A associated with the Golgi in fractions 8-11 is susceptible to BFA treatment. The pattern shifts towards the top of the gradient (C, +BFA panels) because of the disorganization of the Golgi. Note that we could not detect any GM130 reactivity in the LE+SC and FM in + BFA panels (bottom panel and 3 rd panel from bottom). Figure 5 . Fractionation of smooth membranes and rough ER in FD18 rat lens and heart. A, Picture (shown horizontally) of the fractionated gradient obtained with post mitochondrial supernatant of FD18 heart. The arrows indicate the positions of the bound polysomes (BP, also known as rough ER), the smooth membranes (SM) and free polysomes (FP). B, Immunoblots of the gradient shown in A with anti-αA, anti-αB, anti-Ribophorin-1, anti-GM130 and anti-Golgin 58. Equal volumes (2.5 l) from each fraction were used for immunoblotting. Note absence of αA reactivity because there is no αA expressed in the heart (top panel). αB is seen in fractions 5-9 as is Ribophorin-1, which seems to associate with two discrete fractions of the bound polysomes (rough ER). It is also detected in the top half of the gradient in fractions 15 and 17). C, Fractionation of FD18 lens post-mitochondrial supernatants. Note that A (fractions 9-15) fractionates away from B (fractions 6-8). Caveolin-1 fractionates with SM in the same location where αA is seen. Note that Ribophorin-1 is mostly seen here with the RER. Transferrin, one more BP/RER marker could not be detected in this gradient although it is seen in P10 lens gradients (see Fig. 6 ). D, The immune reactions seen for αA and αB in these gradients do not correspond strictly with the distribution of the total protein. gradients. αB in the lens (panel P10 Lens αB) and the heart (panel P10 heart αB) fractionates with rough ER. There is no αA in the heart (panel P10 heart αA) and, therefore, there are no bands in this immunoblot. In the lens αA fractionates with smooth membranes. X = blank lane. FP= is free polysome pellet. L1, L2 and L3 refer to three loads (L1-L3, see Experimental Procedures). by guest on July 10, 2017
